clude risks of scarring and surgical complications and utilization of health resources.
The management of dysplastic nevi significantly impacts individual and public health. The impact of surgical excision of dysplastic nevi on goals of melanoma detection and prevention has not been well-studied. Our objectives were to evaluate the impact of surgical excision of biopsy-diagnosed dysplastic nevi on final diagnosis, on melanoma detection, and on melanoma prevention through analysis of concordance of biopsy and excision diagnoses and examination of the risk of dysplastic nevus transformation to melanoma.
Methods

Study Design
Study approval was granted by the Boston Medical Center institutional review board. The Boston Medical Center Skin Pathology Laboratory database was searched using systematized nomenclature of medicine (SNOMED) codes for dysplastic nevi and for primary cutaneous melanoma. All cases were diagnosed by a board-certified dermatopathologist. Dysplastic nevus grade of atypia was diagnosed using criteria summarized by Arumi-Uria et al. 9 Biopsy reports dated between September 1, 1999, and March 1, 2011, reporting a pathologic diagnosis of dysplastic nevus were reviewed retrospectively in reverse chronologic order until 580 cases were reviewed. Dysplastic nevi characteristics of gross pathologic size, grade of atypia, anatomic location, and biopsy margin positivity were recorded. In cases reporting a dysplastic nevus with a positive biopsy margin, records were reviewed for surgical excision. Surgical excision of the lesion with a 2-to 3-mm margin of normal skin followed by closure of the skin is the standard method for removal of a biopsy-diagnosed dysplastic nevus.
If an excision was performed, date of excision, presence of residual lesion on pathologic examination, and final pathologic diagnosis were recorded. Concordance of biopsy diagnoses with excision diagnoses was recorded. Clinically significant changes in diagnosis upon excision were recorded, defined as severe atypia or melanoma upon excision of biopsydiagnosed mildly-to-moderately or moderately dysplastic nevi, and defined as melanoma upon excision of biopsy-diagnosed moderately-to-severely or severely dysplastic nevi. Pathology reports dated between September 1, 1999, and March 1, 2011, reporting a diagnosis of primary cutaneous melanoma were also reviewed, until a limit of 216 cases. Melanoma type, depth, presence of associated scar, and presence of associated dysplastic nevus were recorded. If an associated dysplastic nevus was present, grade of atypia was recorded. In cases of melanoma with associated scar, records were reviewed, and any history of biopsy-diagnosed dysplastic nevus at the melanoma site was recorded.
Statistical Analysis
Observed characteristics of dysplastic nevi and primary cutaneous melanomas were summarized using counts and proportions. For dysplastic nevi, biopsy margin positivity, frequency of excision after positive biopsy margin, frequency of residual nevus upon excision, and clinically significant change in diagnosis upon excision were summarized within categories of dysplastic nevus grade. For cases of dysplastic nevus with positive biopsy margin, anatomic location and size were also summarized within categories of dysplastic nevus grade. In primary cutaneous melanoma cases, presence and grade of associated dysplastic nevus, presence of associated scar, and history of biopsy-proven dysplastic nevus at the melanoma site were summarized within categories of melanoma type and 
Results
A total of 580 cases reporting a biopsy diagnosis of dysplastic nevus were reviewed ( Table 1) . Nearly all were biopsied by shave biopsy technique. Standard shave biopsy of atypical nevi includes partial-thickness dermis and a 1-to 2-mm margin of normal skin. Overall, 196 of 580 (34%) reported a positive biopsy margin. A positive biopsy margin was more often reported as the degree of atypia worsened (mild, 11%; mild to moderate, 19%; moderate, 40%; moderate to severe, 62%; and severe, 85%) (P < .001 for test of trend) ( Figure 1 ). As a result of this observation, further analysis for factors affecting margin positivity was conducted. In dysplastic nevi with positive biopsy margins, gross pathologic size and anatomic location at the head or neck were also positively correlated with grade of atypia and with biopsy margin positivity, with the exception of mildly-to-moderately dysplastic nevi, which showed slightly larger size and greater frequency on the head or neck than would be predicted according to the trend ( Table 2) .
Of dysplastic nevi with a positive biopsy margin, 127 of 196 (65%) received surgical excision ( Table 1) . As grade of atypia Research Original Investigation Atypical (Dysplastic) Nevi increased, frequency of excision after positive biopsy margin increased (mild, 12%; mild to moderate, 53%; moderate, 63%; moderate to severe, 81%; severe, 82%) (P < .001 for test of trend) ( Figure 1 ). Of dysplastic nevi with a positive biopsy margin that received surgical excision, 42 of 127 (33%) showed residual nevus. Rate of biopsy margin positivity sorted by grade of atypia and grade of atypia were not associated with the presence of residual nevus upon excision (P = .68 for test of trend). Two of 127 surgical excisions (1.6%) led to a clinically significant change in diagnosis. Both were biopsy-diagnosed moderatelyto-severely dysplastic nevi that were diagnosed as melanoma in situ upon excision ( Figure 2 ). There were not any cases of biopsy-diagnosed mildly or moderately dysplastic nevi that resulted in a clinically significant change in diagnosis upon excision.
A total of 216 primary cutaneous melanomas were also reviewed ( Table 3) . Sixteen of 90 superficial spreading melanomas (18%) and 9 of 44 melanomas in situ (20%) were associated with a dysplastic nevus (Table 3 and Figure 3 ). The association of melanomas in situ and superficial spreading melanomas with dysplastic nevi (25 of 134, 18.7%) was significantly higher than the association between other melanoma types and dysplastic nevi (2 of 82, 2%) (P = .001). None of melanomas showing associated scar without associated dysplastic nevus revealed a history of biopsy-diagnosed dysplastic nevus at the site (Table 3 ). In melanomas associated with dysplastic nevi, the most frequent grades of atypia were moderate-to-severe and severe ( Table 4) . Of 27 melanomas associated with dysplastic nevi, 26 of 27 (96%) were 1 mm or less in depth. Melanoma association with dysplastic nevus decreased with increasing melanoma depth (P = .03 for test of trend) ( Table 5) . Overall, 10.97% of invasive melanomas were associated with a dysplastic nevus.
Discussion
Atypical nevi are associated with an increased risk of cutaneous melanoma, which may develop in existing nevi or de novo on previously normal skin. Therefore, management of the patient with atypical nevi is recommended to include complete skin examinations at regular intervals and patient education in melanoma prevention and early detection. 4 While many physicians also perform surgical excision of dysplastic nevi having a positive histologic margin, outcomes of atypical nevus excision have not been examined in detail, to our knowledge, and the appropriate surgical management of dysplastic nevi has remained poorly defined. In our examination of the impact of dysplastic nevus excision on final diagnosis and on melanoma detection, varying effects were observed for mildly and moderately dysplastic nevi compared with moderately-to-severely and severely dysplastic nevi. Mildly and moderately dysplastic nevi did not show any clinically significant change from biopsy diagnosis nor any evidence of melanoma upon surgical excision. The data suggest that biopsied mildly and moderately dysplastic nevi may not require subsequent surgical excision to confirm the diagnosis and are unlikely to harbor associated melanoma in residual cells after biopsy. In contrast, moderately-toseverely dysplastic nevi with a positive biopsy margin displayed a 4% rate of melanoma in situ diagnosis upon surgical excision. Moderately-to-severely and severely dysplastic nevi were also most often associated with melanomas. This suggests that in contrast to patients with mildly and moderately dysplastic nevi, patients with moderately-to-severely and severely dysplastic nevi with positive biopsy margins are more likely to benefit from surgical excision for confirmation of diagnosis, melanoma detection, and melanoma prevention.
In our series, 34% of dysplastic nevi showed a positive biopsy margin, consistent with a previous report by Armour et al. 10 Dysplastic nevus biopsy margins were more often positive as grade of atypia worsened, and as gross size and frequency of head or neck location increased. Potential theoretical explanations for the increased biopsy margin positivity observed with increasing grade of atypia include increased subclinical extension as atypia worsens, increased gross nevus size as atypia worsens with clinician biopsies not increasing proportionately in size, increased proportion of head or neck lesions having wide atypical melanocytic hyperplasia, and/or medical or legal concerns leading to more thorough margin assessment as grade of atypia increases. Our study confirms that patients having a dysplastic nevus with a positive biopsy margin frequently receive excision, and that frequency of excision appears to increase with grade of atypia. The greatest variability in management was obser ved for c ases of mildly-tomoderately and moderately dysplastic nevi, which received surgical excision after a positive biopsy margin finding in 53% and 63% of cases, respectively. There have been limited reports describing practice patterns in the management of atypical nevi. In 2002, a survey of dermatologists reported that 67% of respondents preferred to perform surgical excision of a dysplastic nevus that had a positive biopsy margin, with many self-writing in that the decision would depend on the degree of atypia. 6 Our findings confirm that excision frequency is positively correlated with degree of atypia, and we have quantified observed excision rates. To our knowledge, the effect of dysplastic nevus excision on the final diagnosis has been examined previously in only 2 small studies.
10,11 Armour and colleagues 10 found that 21 of 22
shave biopsies (95%) of atypical nevi were concordant with the excision diagnosis. Study limitations include a small sample size and lack of reporting of grades of atypia examined. Cohen and colleagues 11 examined 189 excision specimens obtained after biopsy of atypical melanocytic lesions, many of which were atypical nevi. Of these, 47 of 189 (25%) contained residual nevus cells and 1 of 189 (0.5%) contained melanoma (the initial biopsy diagnosis having been moderately-toseverely atypical nevus). Our data also support a low rate of change in diagnosis upon excision (1.6%) when all grades of atypical nevi are considered together and confirms that moderately-to-severely atypical nevi are more likely to be associated with melanoma. 
Research Original Investigation Atypical (Dysplastic) Nevi
The association of dysplastic nevi with melanoma has been reported, although without sorting by grade of atypia. Studies have estimated that 60% to 80% of melanomas arise de novo 12 and that melanomas arise in association with an atypical nevus in 0.5% to 46% of cases. 4 Based on data showing that 11% of invasive melanomas were associated with an atypical nevus, Tsao et al 7 estimated the lifetime risk of an "average" atypical nevus transforming to melanoma as approximately 1 in 10 000. Our study confirms an 11% rate of association between dysplastic nevi and invasive melanoma. Several melanoma-associated dysplastic nevi were of unspecified grade, and depending on the true level of atypia, estimated transformation risk may vary accordingly. Sorted by grade of atypia, our data suggest that the lifetime risk of a moderately-to-severely or severely dysplastic nevus transforming to melanoma is likely clinically significant. In contrast, the lifetime risk of mildly or moderately atypical nevi transforming to melanoma may be similar to that of a normal "typical" nevus.
Our findings are most generalizable to dysplastic nevi that have been biopsied and found to have clinically negative margins but positive histologic margins because it is standard dermatologic practice to remove the entire clinically visible nevus during a shave biopsy procedure. Study limitations include the difficulty of estimating melanoma transformation risk of an atypical nevus retrospectively, though prospective study of this outcome is unlikely to be conducted. Large, prospective clinical trials are encouraged in further studying outcomes of excision of dysplastic nevi.
Overall, our data suggest 2 dysplastic nevi risk categories: (1) mildly, mildly-to-moderately, and moderately dysplastic nevi generally appearing as low-risk lesions, and (2) moderately-to-severely and severely dysplastic nevi appearing to carry a higher risk for coexistent or future melanoma. This suggests that patients with biopsied mildly or moderately dysplastic nevi may be observed clinically, while patients with moderately-to-severely and severely atypical nevi have a higher risk of melanoma and may benefit from excision. Moderately atypical nevi, which have a large variation in management, appear to display similar characteristics and behavior to those of mildly atypical nevi. Together, these data suggest that routine surgical excision of biopsied mildly or moderately atypical nevi with a positive biopsy margin for the purpose of melanoma prevention or detection may not be indicated, while surgical excision of biopsied moderately-toseverely or severely atypical nevi with a positive biopsy margin may be beneficial in melanoma prevention and detection. Individual patient factors are important in medical decision making, which remains the responsibility of the treating physician. Given the common biopsy diagnosis of atypical nevus, we encourage further study of outcomes of surgical excision to promote optimum patient care and to maximize melanoma prevention and detection efforts. 
